To study the influence of composite action of floor slab on aseismic behavior of steel-concrete mixed frame structures, models of composite beam-concrete-filled square steel tubular columns frame structure (CB-CFST) and steel beam-concrete-filled square steel tubular columns frame structure (SB-CFST) with and without considering the composite action of floor slab were constructed. Influence analysis of elastic and inelastic aseismic behavior was conducted. The influence of the composite action of floor slab on mechanical behavior, deformation and damage state of structures were investigated. The results showed that the upper column design internal force of steel beam frames would be smaller than that of composite beam frames, which would make the structure design unsafe. And considering the composite action of floor slab, the displacement response of CB-CFST was smaller than that of SB-CFST in the mass. Furthermore, real damage state couldn't be reflected without considering the composite action of floor slab.
Introduction
As the most simple and basic structural system, the frame system has the characteristics of simple design and clear transmission force. The mixed frame consists of composite columns and steel beams or composite beams. With its good economy and excellent seismic performance, the steel-concrete mixed frame has been widely used in multi-storey and high-rise buildings. For the composite beam frames under the horizontal load, the composite action between steel beams and concrete floor slab was always ignored, and composite beams was only designed as steel beams, which was unreasonable during the structural elastic analysis [1] . Furthermore whether the composite action would affect the deformation and failure state under strong earthquake is also a problem to discuss. And up to now, the available research about this aspect is not much [2] .
In this paper, the elastic models and inelastic models of the two 15-storeyed mixed frames were constructed. According to the actual situation, the CB-CFST frame was used to consider the composite action of floor slab, and SB-CFST frame was used not to consider the composite action. By using SAP2000 software, the mode analysis, the response spectrum analysis, the elastic and the inelastic dynamic time history analysis for the two structures were performed. By comparing the analysis results, the influence of the composite action of floor slab on mechanical behavior, deformation and damage state of structures were investigated.
Structural Model
The layout of the plane and elevation was illustrated in Fig. 1 . For the two buildings, the bottom storey height is 4.5m, the other storey height was 3.6m, and the total height was 54.9m. In Fig. 1 , "Z" denoted columns and "L" denoted beams. The sections and dimensions of the frame columns and beams were shown in Fig. 2 . Frame elements were used to simulate columns and beams. The CFST columns concrete strength was C40, and the steel tube used Q345 steel. The steel beam used Q235-B International Conference on Mechanics and Civil Engineering (ICMCE 2014) steel. The floor and the roof used 140mm thick C30 RC slab simulated by shell elements, the reinforcement strength in which was HRB335. The diameter of the upper reinforcement in concrete slab was 14mm, and the diameter of headed stub was 19mm. The nominal values of dead load and live load on slabs were respectively 4.5kN/m 2 and 2.0kN/m 2 . 
Mode Analysis
The first five periods were shown in Table 1 . And the first three modes of two frames were both translation in Y direction, translation in X direction and rotation. From the comparisons of results, the first period of the SB-CFST frame without consideration for the effect of floor slabs was larger by about 14% than that of the CB-CFST frame considering the effect of floor slabs. 
Elastic Internal Force and Deformation Analysis
The seismic response spectrum analysis method was applied to calculate seismic responses of structures under the horizontal earthquake. And to guarantee the computing accuracy, the first thirty modes were used. Frames were both in 8 regions of earthquake intensity category and belonged to the first seismic group. And the categorization of building site was the second kind. According to Code for seismic design of buildings [3] , the earthquake affecting coefficient was 0.16 and the design characteristic periods was 0.35s, and the damping ratio of the other four structures was 0.04. The direction of the inputting design earthquake motion was along the Y axis (weak direction).
The axial force and moment on earthquake action combination of column Z1 and Z4 was shown in Fig. 3 . The tension was positive, and the moment in the direction of X was positive. From Fig. 3 , the values of axial force and moment for the two frames were close. In general, the absolute column moment value of composite beam frame was larger than that of steel beam frame, except the first, second and third storey. The shear and moment on earthquake action combination of beam L1 and L4 was shown in Fig. 4 . In Fig. 4 , the internal force of composite beam was larger than that of steel beam. From the statistical results, for the boundary beams the absolute shear and moment of the CB-CFST frame was larger than that of the SB-CFST frame. The absolute shear increased by about 4%~15%, and the absolute moment increased by about 5%~18%. For middle beams, the absolute shear and moment of the CB-CFST frame was larger than that of the SB-CFST frame in the mass, and the value increased was within 12%. The structural deflections and storey-drift-angles in every floor for the two frames were shown in Fig. 5 . For the CB-CFST frame, the top storey deflection was 66.2mm, and the maximum storey-drift-angle in the 3rd floor was 1/563. For the SB-CFST frame, the top storey deflection was 83.63mm, and the maximum storey-drift-angle in the 3rd floor was 1/442. Deformations of the two frames both satisfied the demand of the storey-drift-angle limit value 1/300 in the CECS 154:2004 [4] . From the above analysis, with considering the composite effect of floor slabs, the structural integral stiffness was enhanced, while structural deformations were reduced.
Elastic Time History Response Analysis under Frequent Earthquake
El Centro wave, Kobe wave and Beijing wave was used as ground motion input for the elastic and inelastic time history analysis. The enveloping curves of storey-drift-angles under frequent earthquake for the two frames were shown in Fig. 6 . From the analysis, the displacement responses for the two frames were the largest under El Centro wave, larger under Beijing wave and the smallest under Kobe wave. In general, the enveloping values of the CB-CFST frame considering the composite action of floor slabs were greater than those of the SB-CFST frame, and changed more uniformly along the height of the structure. 
Influence Analysis of the Structural Inelastic Aseismic Behavior
To compare the deformation and damage state of two frames under rare earthquake, the elasto-plastic time history was performed for the CB-CFST frame and the SB-CFST frame. The lumped plastic model was used for nonlinear analysis. For composite beams and steel beams, bending non-linearity was considered. The Takeda plastic hysteretic model [5] was used to describe the composite beams and the Wen plastic hysteretic model [5] was used to describe the steel beams. For CFST columns, axial and bending non-linearity was considered, and the Kinematic hysteretic model [5] was adopted. The PGA of each wave was respectively scaled to 4 m/s 2 . During the inelastic analysis, Rayleigh damping was used, and the mode damping ratio was 5％. 
Inelastic Deformation Analysis
The enveloping curves under rare earthquake of the storey-drift-angle under three earthquake waves for the two frames were shown in Fig. 7 . Compared with the results under frequent earthquake, composite action of floor slabs had less sufficient influence on the reduction of the elasto-plastic deformation. For Beijing wave, the distribution shape of the storey-drift-angles along the height of the structure under rare earthquake was slightly different from that under frequent earthquake. In the upper part of frames, the enveloping values of CB-CFST frame were larger than those of SB-CFST frame under Beijing wave. In general, the enveloping values of the CB-CFST frame considering the composite effect of floor slabs were larger than those of the SB-CFST frame, and changed more uniformly along the height of the structure.
From the computing results, values of the maximum storey-drift-angle under the action of the three earthquake waves were all satisfied the inelastic limit value 1/50. The absolute values of CB-CFST frame were all smaller than those of SB-CFST frame except under the positive direction of Kobe wave. Under Kobe wave, the structural response was the smallest. Therefore, the following analysis only discussed the results of the other two waves.
To compare the structural displacement response at all time points, the top deflection history was shown in Fig. 8 . In the most time, the displacement and residual deformation of the CB-CFST frame was smaller than that of the SB-CFST frame under El Centro wave. Under Beijing wave, the CB-CFST frame was smaller than that of the SB-CFST frame in the mass, while the residual deformation is larger than that of the SB-CFST frame, which could be explained from the structural damage state under rare earthquake. 
Structural Damage State
The plastic hinge distributions of two frames in No. 4 axis under El Centro wave and Beijing wave were shown in Fig.9 . Under El centro wave, there was no plastic hinge in the bottom of columns for CB-CFST SB-CFST CB-CFST SB-CFST the two frames, and the quantity of the plastic hinge of the CB-CFST frame was slightly fewer than that of the SB-CFST frame. And from the analysis results, plastic deformation of most steel beams was larger than that of composite beams. Therefore the residual deformation of the SB-CFST frame was larger than that of the CB-CFST frame. Under Beijing wave, there were plastic hinges in the bottom end of bottom columns for the two frames, and the quantity of the plastic hinge of the CB-CFST frame was more than that of the SB-CFST frame. Therefore, the residual deformation of the CB-CFST frame was larger than that of SB-CFST frame in Fig. 8(b) . Because of the increased stiffness and bearing capacity of composite beams, the displacement and damage state was different, and the failure state was basically the same under the same earthquake wave. Different wave had great influence on the results. The plastic hinge distributions of the two frames were both extensive and uniform, and the failure models were both global mechanism and had the better energy-absorbing capability.
Conclusions
(1) Influence analysis of elastic aseismic behavior for mixed frames with or without considering the composite action of floor slab was carried out to compare the design internal force and deformation. Results showed that, composite action of floor slabs had great influence on the elastic dynamic behavior of frames. Without considering the composite action, the lateral stiffness was underestimated, the period and the displacement was increased, and furthermore the internal force of upper columns of the SB-CFST frame was less than that of the CB-CFST frame on earthquake action combination, which would make the structural design unsafe.
(2) Elasto-plastic dynamic time history analysis was conducted for the two frames. Results illustrated that with considering the composite action of floor slabs, the structural stiffness and bearing capacity of composite beams was enhanced, and as a whole the displacement response of the CB-CFST frame was smaller than that of the SB-CFST frame. And furthermore the storey-drift-angle changed more uniformly along the height of the building than that of the SB-CFST frame. Because of the increase of the stiffness and bearing capacity for composite beams, the linear stiffness ratio of beam to column, and the global structural stiffness and bearing capacity all changed, which would make the damage state of the two frames different. Not considering the composite action of floor slab couldn't reflect the real damage state.
